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BACKGROUND OF THE INVENTION 

This invention relates to hydrocarbon conversion in a refinery. More specifically it relates to the 
production of iso-olefins from higher olefins contained in a refinery naptha. 

In recent years, a major technical challenge presented to the petroleum refining industry has been the 
requirement to establish .Iternate processes for manufacturing high octane gasoline in view of the regulated 
requirement to eliminate lead additives as octane enhancers, reduce tailpipe and evaporative emissions as 
well as the development of more efficient, higher compression ratio gasoline engines requirinq hiqher 
octane fuel. 

To meet these requirements the industry has developed non-lead octane boosters and has reformulated 
gasoline in response to the regulatory standards. While these and other approaches will fully meet the 
technical requirements of regulations requiring elimination of gasoline lead additives and allow the industry 
to meet the burgeoning market demand for high octane gasoline, the economic impact on the cost of 
gasoline is significant. 

Accordingly, workers in the field have intensified their effort to discover new processes to manufacture 
the gasoline products required by the market place. One important focus of that research is a new process 
to produce h.gh octane gasoline blended with lower aliphatic alkyl ethers as octane boosters and 
supplementary fuels. Cs-C 7 methyl alkyl ethers, especially methyl tertiary butyl ether (MTBE) and tertiary 
amyl methyl ether (TAME) have been found particularly useful for enhancing gasoline octane. Therefore 
20 .improvements to the processes related to the production of these ethers are matters of high importance and 
substantial challenge to research workers in the petroleum refining arts. 

^■ Le9 ™ V ° mandates for a mi ™™™ oxygen content in motor fuels has led most refiners to consider 
adding MTBE, TAME and other high octane chemicals generally referred to as "oxygenates" to their 
gasoline production pool. • 

It is known that iso-butylene may be reacted with methanol over an acidic catalyst to provide methyl 
tertiary butyl ether (MTBE) and iso-amylenes may be reacted with methanol over an acidic catalyst to 
produce tertiary-amyl methyl ether (TAME). 

* ™ 6 ^ er ' jso -° le,ins often do not ex'st in refinery streams in the quantities required for desired MTBE 
and TAME production levels. 

Further, at some locations in the U.S.. olefin content of motor gasoline is limited using an analytical 
indicator such as Bromine Number. Due to the relatively high olefin content of some refinery streams such 
as FCC gasoline, their use as blending stock for motor gasoline is constrained. FCC octane improvement 
often is achieved or accompanied by increased production of olefins, particularly olefins in the C 5 - C 9 
range. The refiner is therefore limited in FCC performance by the mandated olefin limitation 

It is known that advanced octane oriented FCC catalysts or addition of octane additives to the FCC 
catalyst inventory can increase the production of iso-butylene. However, enhanced isobutylene production 
through the use of better octane catalysts is accomplished with increases in the olefinic content of the FCC 
gasoline along with parallel increases in other C 3 and C 4 gases; while the use of ZSM-5 based octane 
additives to enhance isobutylene yields does not reduce the olefinic concentration of the c 5 plug gasoline 

However, as described above, a large source of higher olefins of five carbons or more are typically 
found ,n gasoline from an FCC. Most commercial FCC gasolines contain olefins in the Cs and higher range 
These olefins are high octane components for gasoline and have often been produced themselves in 
synthesis reactions from lighter olefins. 

45 olefiIi"c U gaso?ne nt N °' 4 ' ?46J62 iSSU6d MarCh 24, 1988 to Avidan ' et al - "9 ht olefins ™ oligomerized to an 
US. Patent No. 5,004,852. issued April 2. 1991 to Harandi. describes a catalytic technique for 
upgrading olefin streams to gasoline streams rich in aromatics. In particular, it provides a continuous 
process for ohgomerizing and aromatizing a feedstock containing light C4-olefins to produce C5+ hydrocar- 

,„ '1 tlT"' 05, SUCh 38 ben2en6 ' t0luene> xylenes ' tri-methylbenzenes and tetramethylben- 

50 zenes together with hydrogen and fuel gas. 

U.S. Patent No 4,282,085 to O'Rear et al., teaches the upgrading of a paraffinic distillate to C.-Cs 
olefins over a ZSM-5 type crystalline aluminosilicate catalyst 

m*JUha Pa Tt 7°-^ e2£L2afi issued June 25 - 1 991 »o Leyshon. et al.. teaches fluidized bed cracking and 
«rtS 7%lt , hT ° r 9hef °' efinS 3nd/0r Para,,ins f0r the P rod ^™ of ethylene and propylene with 
betwLfrsO to iiX -F^ 6 rat6, b6,Ween 5 t0 2 ° 00 ' m ° derate Pr6SSUreS ' ^ 10 30 PSi9 ' and temperatures 

r»nnTn f e r er r {h ( e Pr0d T Cti0n ° f is ™M™ "cm a refinery naptha. which naptha comprises olefins in the 
range of Cs-C 9 .for feed to a MTBE or TAME unit has not been adequately addressed. 
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An improved process for production of iso-butylene from a refinery stream is much desired. 
SUMMARY OF THE INVENTION 

s We have discovered a process for producing iso-butylene and increasing the iso-pentene to total 

pentene ratio from an olefinic naptha comprising contacting an olefinic naptha stream comprising C5-C9 
olefins with a low acidic crystalline silicate catalyst at a pressure of less than 300 psig and a temperature of 
between about 600* F to about 900° F to produce a stream comprising an increased amount of iso-butylene 
and an enhanced iso-pentene to total pentene ratio relative to the iso-butylene and iso-pentene/total 

10 pentenes in the naptha. The practice of the present invention results in a reduction in olefinic content of the 
remaining olefinic naptha, relative to the olefinic content in the feed. — 

Among other factors, we have found that post-cracking an olefinic naptha with crystalline silicate under 
the above conditions, versus adding crystalline silicate to the FCC catalyst inventory results in higher overall 
iso-butylene production and higher iso-pentene. to total pentene ratio due to reduced hydrogen transfer 

15 associated with crystalline silicate relative to that of crystalline silicate mixed with FCC catalyst. Additional 
factors include extended residence time of the post cracking process and relatively low cracking tempera- 
ture. 

The practice of our discovery results in an increased overall yield of higher octane gasoline due to 
increased iso-olefins in the gasoline or available for etherification along with increased propylene available 
20 for alkylation. 

Surprisingly, we also found the Cs-Cg olefin s in olefinic FCC light gasoline to be preferentially converted 
by the process of the present invention to iso-butylene without the associated increases in Cs-plus olefin 
content; increase in n-butylene yield or propyl ene yield observe d to result when the FCC catalyst inventory 
is switched to a better octane catalysflFor the purpose of enhancing isobutylene yields. Further to our 
25 surprise, we discovered that iso-butylene and iso-pentene selectivity and catalyst activity do not signifi- 
cantly diminish when the process of our present invention is carried out at pressures above atmospheric 
pressure. 

Also, the production of iso-butylene by the iso-olefin production process described in this invention is 
accomplished with just trace, if any, production of butadiene along with the transformation of pentadienes 
30 such that the cracked olefinic gasoline contains substantially less pentadienes and little if any butadienes, 
relative to the olefinic feed naptha. The production of essentially butadiene-free iso-butylene and essentially 
pentadiene-free iso-pentenes obviate the need for diolefin clean-up steps normally required before either 
MTBE and/or TAME production units. 

35 DETAILED DESCRIPTION OF THE INVENTION 

PROCESS 

The present invention is a process which combines the use of a particular feedstream, in a reaction in 
40 the presence of a particular catalyst, to yield the advantageous result of increasing the production of 
particular components in a product stream. The product stream, then having more desirable levels of 
particular components, may then be further processed. 

In one embodiment, the olefinic feed to our process is FCC gasoline from an FCC unit. A range of such 
FCC gasolines, comprising olefins in the range of Cs to C9, are effectively processed by the present 
45 process, but our best iso-butene and iso-pentene pfocluction results were accomplished when the FCC 
gasoline had a boiling range of between about 65 °F to about 340 'F. Other olefinic naphthas like pyrolvsis 
naphthas, nap hthas from the production of ethylene and prop ylene, coker naphthas or naphthas from 
"pnT pytgn'e o I i q orn e r i zation caTTbeT Is^rcr: " ~ 

In another embodiment, following separation of a butylene rich stream resulting from the highly 
50 selective reaction, the stream comprising normal and iso-butylenes are fed to a MTBE unit. In another 
embodiment, following separation of a pentene-rich stream, the stream comprising iso-pentenes are feed to 
a TAME unit. 

^ — We have further found the crys tai[in£^lLC^e.us,e^,b the conversion of naptha olefins to be highly 
effective in the conversion of prop ylene and n-buty lenes to iso-butylenejwe have seen particularly good 

55 results in iso-butylene production when the ratio of recyctetfTvButylene to total feed stream is between 
about 2% to about 20%. 

Accordingly, in still another embodiment of our invention, propylene from the reaction of the napt ha 
olefins, or alternatively propylene from any source, is recycled back to be blended with incoming olefinic 
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napthafeedto the crystalline silicate-containing reactor. Propylene recycle ratios relative to total feed to the 

crystalline s.l.cate-containing reactor in the range of about 2% to about 20% are preferred 

r»t 'I! h G ! a l° ther embodiment - unreacted butenes comprised chiefl y of n-butvlene. f rom the MTRF unit are 

r eturned tO -Ih e crystalline sHicate^ntainin gu^ ^ at leasta po^pfj^^ 

tO 'so-butytaoB. " ' ' 1 ~~ " " 

In addition to the enhanced iso-butylene production achieved from the post-cracking of an olefinic 
naptha. it was found that the ratio of iso to normal pentenes increased, and that cracking an olefinic naptha 
stream d.d not result in a decrease of iso-pentenes, which are required in the production of TAME 
Therefore, ,n another embodiment of this invention, normal pentenes from TAME production or from 
ol.gomerization are fed along with the olefinic gasoline to the silicalite-containing reactor unit resulting in 
enhanced .so-pentene yields over that achieved by processing the olefinic naptha stream without such a 
recycle. 

In yet another embodiment, fractionating a C 5 to c 7 cut from the iso olefin enriched product stream 
exiting the crystalline silicate-containing reactor yields an iso-olefin rich stream which can be dispropor- 
fonated with ethylene and/or propylene, which may be from any source including FCC produced ethylene 
and/or propylene, to yield additional iso-butylene and iso-pentene. In turn, the resulting normal butylene 
^Z* * spr °P ortionation unit can be either recycled or alkylated while iso-butylene can be used for 
MTBE product.cn and iso-pentene for TAME. In accordance with our invention, a process is carried out for 
increasing ,so-butylene and enhanced iso-pentene to total pentene ratio from a refiner y naphtha The 
process comprises the steps of contacting a olefinic naptha stream comprising C s -C 9 olefins with a 
crystalline silicate catalyst at a temperature of between about 500 "F to, about, 900 ♦ F to produce an iso- ^ 
butylene and .so-pentene rich product stream comprising iso-b^lene and iso-pentene, saturated butanes 
and propylene. By ".so-butylene rich and iso-pentene rich" we mean the total amount of iso-butylene in the 
product stream relative to the total amount of iso-butylene in the naphtha and iso-pentene/total pentene ratio 
m the product stream relative to iso-pentene/total pentene ratio in the naptha is increased 

mofw T WIS u m9 t0 be b ° Und t0 3ny P articular tneor y of operation, we believe that post-cracking an 
otoftnic naptha w.th crystalline silicate under the above conditions, versus adding crystalline silicate to the 

»«*J ! J*? rV r6SUltS in hi9her 0vera " is °-**tylene production due to reduced hydrogen transfer 
associated w.th crystalline silicate relative to that of crystalline silicate mixed with FCC catalyst This is most 
S , auSe ,f '"termediate hydrogen deficient products are formed in the FCC77 heTaujasite type FCC 
catalyst will promote hydride transfer to form hydrogen saturated compounds. """ 



siaZlZl h- h SUrp / ise ' we dis covered that iso-butylene selectivity and catalyst activity do not 
S Tl e ? thG Pr ° CeSS ° f ° Ur pr6Sent invention is carried ° ut * Pressures above 

35 belve ^nrnn S t Ure V 6 ^ WiShinQ l ° " mit ^ ' menb0n in wa * Spending on any theory, we 
^rZ^ P T' ,SO/normal equilibration of butylene and pentene along with oligomerization 
reacts occurnng in the contacting of a olefinic naptha with a crystalline silicate at the reaction conditions 
as c a.med m our .nvention combine to enhance the production of iso-butylene and iso-pentenes 

While ,t .s recogn.zed that disproportionate can switch the carbon groups next to the double bond to 

40 ZJ, T t ?,' , UC8 bUtSne ' We h3Ve f ° Und the reaCti0n conditi ° n s under which our invention operates 
40 ove crystallme s.l.cate actually enhances the needed branching required to produce iso-butylene and iso- 



CATALYST 



45 



50 



55 



i« r ®f ctor ( . ut,l ' z e d in the P rac ^e of the present invention may be a moving b ed or fluidized be d and 

.s preferably a f.x^bgfiLreactor. The catalyst used in the reactor is a crystalline silicate. The crystalline 

er^LTTTV! T 6 Cata ' ySt °' ,he PreSent inventi0n is 9 eneral, y referred to h ^ein a s silicate or 
crystalline s.l.cate, but also is commonly referred to as a zeolite. 

a .h I he /!!. iCate ° f ^ Cat3lySt °' the preS6nt invention Preferably is low in acidity. The low acidity may be 

anS or the It ll^T™ ^J™ C ° M in *• SMiCa,e 3nd the use of low counts of alkali 

and/or the use o a kal.ne earth metals. The silicate component of the catalyst preferably is included in a 

S tow acidiiy finiSh6d CatalySt> 38 described h ^einbelow. Preferably, the finished catalyst is 

alu 2 e r; inVen f ,i0n an intermedia <e P°'e size crystalline silicate material having a high silica to 
alumina rat.o. One preferred material is "silicalite" or high ratio silica to alumina form of ZSM-5 

3.702^6) 1 be, ° W rSPOrtS X " ray diffraCti ° n pattern for ZSM - 5 as 9iven in the Argauer patent (USP 
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TABLE 1 





Interplanar Spacing d(A) 


Relative Intensity 


5 


111 +n o 


s. 




1 n n+n o 


s. 




~7 A+n 1 c: 


w. 




/ . 1 -U. 1 o 


w. 




o.o— U. 1 


w. 


10 


O.Uh 






+n 1 

-U. 1 


w. — 




5.97 


w. 




5.56±0.1 


w. 




5.0U0.1 


w. 


15 


4.60±0.08 


w. 




4.25±0.08 


w. 




3.85±0.07 


v.s. 




3.7110.05 


s. 




3.04±0.03 


w. 


20 


2.99±0.02 


w. 




2.94±0.02 


w. 



Also as reported in the Argauer '886 patent, the values in Table 1 were determined by standard 
techniques. The radiation was the K-alpha doublet of copper, and a scintillation counter spectrometer with a 
strip chart pen recorder was used. The peak heights, I, and the positions as a function of 2 times theta, 
where theta is the Bragg angle, were read from the spectrometer chart. From these, the relative intensities, 
100 l/l 0 , where l D is the intensity of the strongest line or peak, and d (obs.), the interplanar spacing in A, 
corresponding to the recorded lines, were calculated. In Table 1 , the relative intensities are given in terms 
of the symbols s. = strong, m. = medium, m.s. = medium strong, fr m.w. = medium weak and v.s. = very strong. 
It should be understood that this X-ray diffraction pattern is characteristic of all the species of ZSM-5 
compositions. Ion exchange of the sodium ion with cations reveals substantially the same pattern with some 
minor shifts in interplanar spacing and variation in relative intensity. Other minor variations can occur 
depending on the silicon to aluminum ratio of the particular sample, as well as if it had been subjected to 
thermal treatment. 

ZSM-5 is regarded by many to embrace "silicalite" as disclosed in U.S. Patent No. 4,061,724 to Grose 
et al. For ease of reference herein, silicalite is referred to as a ZSM-5-type material with a high silica to 
alumina ratio and is regarded as embraced within the ZSM-5 X-ray diffraction pattern. The silica to alumina 
ratio is on a molar basis of silica (Si0 2 ) to alumina (Al 2 0 3 ). 

Various references disclosing silicalite and ZSM-5 are provided in U.S. Patent No. 4,401,555 to Miller. 
These references include the aforesaid U.S. Patent No. 4,061,724 to Grose et al.; U.S. Patent Reissue No. 
29,948 to Dwyer et al.; Flanigan et al., Nature, 271, 512-516 (February 9, 1978) which discusses the 
physical and adsorption characteristics of silicalite; and Anderson et al., J. Catalysis 58, 114-130 (1979) 
which discloses catalytic reactions and sorption measurements carried out on ZSM-5 and silicalite. The 
disclosures of these references and U.S. Patent No. 4,401,555 are incorporated herein by reference, 
particularly including their disclosures on methods of making high silica to alumina crystalline silicates 
having an X-ray diffraction pattern in substantial accord with Table 1. 

Other crystalline silicates which can be used in the process of the present invention include those as 
listed in U.S. Patent No. 4,835,336; namely: ZSM-11, ZSM-12, ZSM-22, ZSM-23, ZSM-35, ZSM-38, ZSM- 
48, and other similar materials. 

ZSM-5 is more particularly described in U.S. Patent No. 3,702,886 and U.S. Patent Reissue No. 29,948, 
the entire contents of which are incorporated herein by reference. 

ZSM-11 is more particularly described in U.S. Patent No. 3,709,979 the entire contents of which are 
incorporated herein by reference. Bibby et al., Nature, 280, 664-665 (August 23. 1979) reports the 
preparation of a crystalline silicate called "silicalite-2". 

ZSM-12 is more particularly described in U.S. Patent No. 3,832,449, the entire contents of which are 
incorporated herein by reference. 

ZSM-22 is more particularly described in U.S. Patent Nos. 4,481,177, 4,556,477 and European Patent 
No. 102,716, the entire contents of each being expressly incorporated herein by reference. 
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■ ZSM ". 2 ! !f m ° re particu,arl V described in U.S. Patent No. 4,076,842. the entire contents of which are 
incorporated herein by reference. "»»e"is or wnicn are 

inJSJI^ t™ r l Pa T Ulariy d6SCribed in US ' P3tent N ° 4016 ' 245 - th * entire contents of which are 
incorporated herein by reference. 

ZSM-38 is more particularly described in U.S. Patent No. 4,046,859, the entire contents of which are 
incorporated herein by reference 

.•ncofpo^d heZ;;retrent y ^ »"* "° *" «*• « S * ^ 

oJ^L z Z!nuZ:: 0 ^ and zsm - 23 are preferred - zsm - 5 is most prefe - d f - - in - 

4 4^ d 8 d 35 0 and y SSZ°2 3 e %T'f °' "* SSZ ' 20 " d * C '° Sed in U S ' Pate " N °- 

iSce disclosed .n U.S. Patent No. 4,859.442. both of which are incorporated herein by 

thP II , l CrySta,,i / 1 i SiliCate bS in the f ° rm ° f 3 borosilic ate. where boron replaces at least a portion of 
Ll ™ To°io ^ m ° re typiCa ' a,uminosilic ate form of the silicate. Borosilicates are described in U S 
Pa tent Nos 4 268,420; 4,269,8! 3; and 4.327,236 to Kioto, the disclosures of which patents are incorporated 
herein, particularly that disclosure related to borosilicate preparation corporatea 

is that nf b 7S? ate , Cata ' ySt , ^ $ed ' n thS Pr ° C6SS ° f the Present invention ' the P referred crystalline structure 
of TJ n , Til \ mS 3y diffraction P attern - Boran in the ZSM-5 type borosilicates takes the place 
cln ZZTJ '! pre TV n ^ m ° re tVPiCal ZSM " 5 Crysta,line aluminosilicate structures. Borosilicates 

tZLTZZST, of a,ummum ' but 9eneral,y there is some trace amounts of al - in - *~* 

diJZJT 6 ' Cry f al,in f, e silicates which "n be used in the present invention are ferrosilicates. as 

No 4 636 483 e ^H P H °1 ^ N0 4,238,31 8 " 9 a,losilicates - a * ^closed for example in U.S. Patent 
no. 4,636.483, and chromosil.cates, as disclosed for example in U.S. Patent No 4 299 808 

be us2U^^.r 8l,,Ca -.^ tent SMiCateS <Si,iCateS haVi " 9 3 hi9h ratl '° ° f siliCa to other constituents) can 
be used as the crystalline s.l.cate component of the catalyst of the present invention 

Borosilicates and aluminosilicates are preferred silicates for use in the present invention Al- 

^TTT ^ m ° St Preferred ' Si,iCa,ite iS 3 PartiCU,arly P refe " ed aluminosilicate for use ^n the 
catalyst of the present invention. 

1 JSm^T' SMiCalit ! (aCCOrdin9 t0 US " Patent No - 4.061,724) has a specific gravity at 77 'F of 
1.99 0.05 g/cc as measured by water displacement. In the calcined form (1 112- F in air for one hour) 

SS£ * 9 SP f i,iC gravity ° f 1 - 70±005 9' cc - -spect to the mean refractive index of si.icaH 
crystals values obtained by measurement of the as synthesized form and the calcined form (1112'F in air 

; "VSw 1 °, 1 ^ 1 - 39£0 ° 1, respective,y - The ><- a y Ponder diffraction pattern of silicalite 

se t foJ in tJk? oZ a ' r h ° Ur) haS SiX relativ6,y Str ° n9 lines < i e ' '"terplanar spacings). They are 

set forth in Table 2 ("S"-strong. and "VS"-very strong): 
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d-A 


Relative Intensity 


11.1 ± 


0.2VS 


10.0 ± 


0.2VS 


3.85 ± 


0.07VS 


3.82 ± 


0.07S 


3.76 


0.05S 


3.72 ± 


0.05S 



mols^SiO S ^71T^'? V P ° W f ' diffr3Cti0n PaUem ° f 8 tVPiCal Si,icalite composition containing 51.9 
Patent 4 06^7^4 fn T^n 3mm0nium ° xide [< TPA >2°). prepared according to the method of U.S. 
latent no. 4,061,724, and calcined in air at 1 1 12 ° F for one hour. 
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TABLE 3 



d a 


Relative Intensity 


d-A 


Relative Intensity 


11.1 


100 


4.35 


5 


10.02 


64 


4.25 


7 


9.73 


16 


4.08 


3 


8.99 


1 


4.00 


3 


8.04 


0.5 


3.85 


59 


7.42 


1 


3.82 


32 


7.06 


0.5 


3.74 


24 — 


6.68 


5 


3.71 


27 


6.35 


9 


3.64 


12 


5.98 


14 


3.59 


0.5 


5.70 


7 


3.48 


3 


5.57 


8 


3.44 


5 


5.36 


2 


3.34 


11 


5.11 


2 


3.30 


7 


5.01 


4 


3.25 


3 


4.98 


5 


3.17 


0.5 


4.86 


0.5 


3.13 


0.5 


4.60 


3 


3.05 


5 


4.44 


0.5 


2.98 


10 



Silicalite crystals in both the "as synthesized" and calcined forms are generally orthorhombic and have 
the following unit cell parameters: a = 20.05A, b = 19.86A, c = 13.36A (all values ±0.1 A). 

The pore diameter of silicalite is about 6A and its pore volume is 0.18 cc/gram as determined by 
adsorption. Silicalite adsorbs neopentane (6.2A kinetic diameter) slowly at ambient room temperature. The 
uniform pore structure imparts size-selective molecular sieve properties to the composition, and the pore 
size permits separation of p-xylene from o-xylene, m-xylene and ethyl-benzene as well as separations of 
compounds having quaternary carbon atoms from those having carbon-to-carbon linkages of lower value 
(e.g., normal and slightly branched paraffins). 

The crystalline silicates of U.S. Patent Reissue No. 29,948 (Reissue of USP 3,702,886 to Argauer) are 
disclosed as having a composition, in the anhydrous state, as follows: 

0.9 ± 0.2 [xR 2 0 + (1 - x)M 2/n O]:<.005 
Al 2 0 3 :>1 Si0 2 

where M is a metal, other than a metal of Group IMA, n is the valence of said metal, R is an alkyl 
ammonium radical, and x is a number greater than 0 but not exceeding 1. The crystalline silicate is 
characterized by the X-ray diffraction pattern of Table 1, above. 

The crystalline silicate polymorph of U.S. Patent No. 4,073,865 to Flanigen et at. is related to silicalite 
and, for purposes of the present invention, is regarded as being in the ZSM-5 class. The crystalline silicate 
exhibits the X-ray diffraction pattern of Table 4. 
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intensity 


11.14 


91 


10.01 


100 


9.75 


17 


8.99 


1 


8.01 


0.5 


7.44 


0.5 


7.08 


0.2 


6.69 


4 


6.36 


6 


5.99 


10 


5.71 


5 


5.57 


5 


5.37 


1 


5.33 


1 


5.21 


0.3 


5.12 


1.5 


5.02 


3 


4.97 


6 


4.92 


0.6 


4.72 


0.5 


4.62 


2 


4.47 


0.6 


4.36 


3 


4.25 


4 


4.13 


0.5 


4.08 


1.5 


4.00 


3 


3.85 


44 


3.82 


25 


3.71 


21 


3.65 


5 


3.62 


5 


3.59 


1 


3.48 


1.5 


3.45 


3 


3.44 


3 


3.35 


3 


3.31 


5 


3.25 


1.5 


3.23 


0.8 


3.22 


0.5 



According to the August 1979 Nature reference cited above, a silicalite-2 precursor can be prepared 
ustng tetra-n-butylammonium hydroxide only, although adding ammonium hydroxide or hydrazine hydrate 

so as a source of extra hydroxyl ions increases the reaction rate considerably. It is stable at extended reaction 
times in a hydrothermal system. In an example preparation, 8.5 mol Si0 2 as silicic acid (74% Si0 2 ) is 
mixed with 1.0 mol tetra-n-butylammonium hydroxide, 3.0 mol NKUOH and 100 mol water in a steel bomb 
and heated at 338 °F for three days. The precursor crystals formed are ovate in shape, approximately 2-3 
microns long and 1-1.5 microns in diameter. It is reported that the silicalite-2 precursor will not form if Li, 

55 Na, K, Rb or Cs ions are present, in which case the precursor of the U.S. Patent No. 4,061,724 silicalite is 
formed. It is also reported that the size of the tetraalkylammonium ion is critical because replacement of the 
tetra-n-butylammonium hydroxide by other quaternary ammonium hydroxides (such as tetraethyl. 
tetrapropyl, triethylpropyl, and triethylbutyl hydroxides) results in amorphous products. The amount of Al 
present in silicalite-2 depends on the purity of the starting materials and is reported as being less than 5 
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ppm. The precursor. contains occluded tetraalkylammonium salts which, because of their size, are removed 
only by thermal decomposition. Thermal analysis and mass spectrometry show that the tetraalkylammonium 
ion decomposes at approximately 572 °F and is lost as the tertiary amine, alkene and water. This is in 
contrast to the normal thermal decomposition at 392° F of the same tetraalkylammonium salt in air. 

The Nature article further reports that the major differences between the patterns of silicalite and 
silicalite-2 are that peaks* at 9.06, 13.9, 15.5, 16.5, 20.8, 21.7, 22.1. 24.4, 26.6 and 27,0° 2d (CuK alpha 
radiation) in the silicalite X-ray diffraction pattern are absent from the silicalite-2 pattern. Also, peaks at 8.8, 
14.8, 17.6, 23.1, 23.9 and 29.9 degrees are singlets in the silicalite-2 pattern rather than doublets as in the 
silicalite pattern. These differences are reported as being the same as those found between the al- 
uminosilicate diffraction patterns of orthorhombic ZSM-5 and tetragonal ZSM-11. Unit cell dimensions 
reported as calculated on the assumption of tetragonal symmetry for siHcalite-2 are a = 20.04A; b = 
20.04A; c = 13.38A. The measured densities and refractive indices of silicalite-2 and its precursor are 
reported as 1.82 and 1.98 g/cc and 1.41 and 1.48 respectively. 

For purposes of the present invention, silicalite is regarded as being in the ZSM-5 class, alternatively 
put, as being a form of ZSM-5 having a high silica to alumina ratio; silicalite-2 is regarded as being in the 
ZSM-11 class. 

The preparation of crystalline silicates of the present invention generally involves the hydrothermal 
crystallization of a reaction mixture comprising water, a source of silica, and an organic templating 
compound at a pH of 10 to 14. Representative templating moieties include quaternary cations such as XFU 
where X is phosphorous or nitrogen and R is an alkyl radical containing from 2 to 6 carbon atoms, e.g., 
tetrapropylammonium hydroxide (TPA-OH) or halide, as well as alkyl hydroxyalkyl compounds, organic 
amines and diamines, and heterocycles such as pyrrolidine. 

When the organic templating compound (i.e., TPA-OH) is provided to the system in the hydroxide form 
in sufficient quantity to establish a basicity equivalent to the pH of 10 to 14, the reaction mixture may 
contain only water and a reactive form of silica as additional ingredients. In those cases in which the pH 
must be increased to above 10, ammonium hydroxide or alkali metal hydroxides can be suitably employed 
for that purpose, particularly the hydroxides of lithium, sodium and potassium. The ratio: R + to the quantity 
R plus M , where R is the concentration of organic templating cation and M* is the concentration of alkali 
metal cation, is preferably between 0.7 and 0.98, more preferably between 0.8 and 0.98, most preferably 
between 0.85 and 0.98. 

The source of silica in the reaction mixture can be wholly, or in part, alkali metal silicate. Other silica 
sources include solid reactive amorphous silica, e.g., fumed silica, silica sols, silica gel, and organic 
orthosilicates. One commercial silica source is Ludox AS-30, available from DuPont. 

Aluminum, usually in the form of alumina, is easily incorporated as an impurity into the crystalline 
silicate. Aluminum in the crystalline silicate contributes acidity to the catalyst, which is undesirable. To 
minimize the amou nt of alumi num, care should be exercised in selectin g a silica source with a minim um 
alurrunurp^ontent. Commercially available silica sols can typically contain_b gtween„50:0 ._and 700 ppm 
alumina, whereas fumed silicas can contain between 80 and 20u"0^pprrT^)f alumina impurity. As explained 
above, the silica to alumina molar ratio in the crystalline silicate of the catalyst used in the present invention 
is preferably greater than 200:1. 

The quantity of silica in the reaction system is preferably between about 1 and 10 mols Si0 2 per mot- 
ion of the organic templating compound. Water should be generally present in an amount between 20 and 
700 mol per mol-ion of the quaternary cation. The reaction preferably occurs in an aluminum-free reaction 
vessel which is resistant to alkali or base attack, e.g., Teflon. 

In forming the final catalyst used in the present invention, the crystalline silicate is preferably bound 
with a matrix. The term "matrix" includes inorganic compositions with which the silicate can be combined, 
dispersed, or otherwise intimately admixed. Preferably, the matrix is not catalytically active in a hydrocar- 
bon cracking sense, i.e., contains substantially no acid sites. Satisfactory matrices include inorganic oxides. 
Preferred inorganic oxides include alumina, silica, alumina-alumina-phosphates, naturally occurring and 
conventionally processed clays, for example bentonite, kaolin, sepiolite, attapulgite and halloysite. Preferred 
matrices are substantially non-acidic and have little or no cracking activity. Silica matrices and also alumina 
matrices are especially preferred. We have found that the use of a low acidity matrix, more preferably a 
substantially non-acidic matrix, is advantageous in the catalyst of the present invention. 

Compositing the crystalline silicate with an inorganic oxide matrix can be achieved by any suitable 
method wherein the silicate is intimately admixed with the oxide while the latter is in a hydrous state (for 
example, as a hydrous salt, hydrogel, wet gelatinous precipitate, or in a dried state, or combinations 
thereof). A convenient method is to prepare a hydrous mono or plural oxide gel or cogel using an aqueous 
solution of a salt or mixture of salts (for example, aluminum sulfate and sodium silicate). Ammonium 
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hydroxide carbonate (or. a similar base) is added to the solution in an amount sufficient to precipitate the 
oxides in hydrous form. Then, the precipitate is washed to remove most of any water soluble salts and it is 
thoroughly admixed with the silicate which is in a finely divided state. Water or a lubricating agent can be 
added in an amount sufficient to facilitate shaping of the mix (as by extrusion). 

A preferred crystalline silicate for use in the catalyst of the present invention is/^M-5 Lving a high 
silica to alumina ratio, which, for convenience, is frequently referred to herein as "siliealiieVAssuming that 
the only crystalline phase in the silicalite prep is silicalite, the silicalite preferably has a percent crystallinity 
of at least 80%. more preferably at least 90%, most preferably at least 95%. To determine percent 
crystallinity, an X-ray diffraction (XRD) pattern of the silicalite is made and the area under the eight major 
peaks is measured in the angle interval between 20.5 and 25.0 degrees. Once the area under the curve is 
calculated, it is compared with the area under the curve for a 100% crystalline standard for silicalite. 

The preferred crystallite size of the crystalline silicate is less than 10 microns, more preferably less than 
5 rmcrons, still more preferably less than 2 microns, and most preferably less than 1 micron. When a 
crystallite size is specified, preferably at least 70 wt. % of the crystallites are that size, more preferably at 
least 80 wt. %. most preferably 90 wt. %. Crystallite size can be controlled by adjusting synthesis 
conditions, as known to the art. Those conditions include temperature, pH, and the mole ratios H 2 0/Si0 2 , 
/S '° 2 - and M /S, ° 2 - where R is th e organic templating cation and M* an alkali metal cation. For small 
crystallite size, i.e., less than 10 microns, typical synthesis conditions are listed below: 





Preferred 


More Preferred 


Most Preferred 


Temperature, ° F 
PH 

H20/Si02 

R*/Si0 2 

M*/Si02 


1 76-392 
12-14 
5-100 
0.1-1.0 
0.01-0.3 


1 44-356 
12.5-14 
10-50 

0.1-0.5 
0.01-0.15 


212-302 
13-13.5 
10-40 
0.2-0.5 

0.01-0.08 



Other techniques known to the art. such as seeding with silicate crystals, can be used to reduce 
crystallite size. 

The crystalline silicate component of the catalyst of the present invention has an intermediate pore size 
By "intermediate pore size" as used herein is meant an effective pore aperture in the range of about 5 to 
6.5A when the silicate is in the H-form. Crystalline silicates having pore apertures in this range tend to have 
unique molecular sieving characteristics. Unlike small pore crystalline silicates or zeolites such as erionite 
they w,ll allow hydrocarbons having some branching into the zeolitic void spaces. Unlike large pore zeolites 
such as the faujas.tes. they can differentiate between n-alkanes and slightly branched alkanes on the one 
hand and larger branched alkanes having, for example, quarternary carbon atoms. 

The effective pore size of the crystalline silicates or zeolites can be measured using standard 
adsorption techniques and hydrocarbonaceous compounds of known minimum kinetic diameters See 
f r ° ck ' Zeolite Molecular Sieves. 1974 (especially Chapter 8) and Anderson et al.. J.Catalysis 58 114 
(1979), both of which are incorporated by reference. 

Intermediate pore size crystalline silicates or zeolites in the H-form will typically admit molecules having 
kinetic diameters of 5 to 6A with little hindrance. Examples of such compounds (and their kinetic diameters 
m Angstroms) are: n-hexane (4.3), 3-methylpentane (5.5), benzene (5.85), and toluene (5.8). Compounds 
having kinetic diameters of about 6 to 6.5A can be admitted into the pores, depending on the particular 
zeolite, but do not penetrate as quickly and in some cases, are effectively excluded (for example 2 2- 
dimethylbutane is excluded from H-ZSM-5). Compounds having kinetic diameters in the range of 6 to 6 5A 
include: cyclohexane (6.0), m-xylene (6.1) and 1 ,2,3.4-tetramethylbenzene (6.4). Generally, compounds 
having kinetic diameters of greater than about 6.5A cannot penetrate the pore apertures and thus cannot be 
adsorbed in the interior of the zeolite. Examples of such larger compounds include: o-xylene (6 8) 
hexamethylbenzene (7.1), 1 ,3.5-trimethylbenzene (7.5), and tributylamine (8.1). 

The preferred effective pore size range is from about 5.3 to about 6.2A. ZSM-5, ZSM-11 and silicalite 
for example, fall within this range. 

In performing adsorption measurements to determine pore size, standard techniques are used It is 
convenient to consider a particular molecule as excluded if it does not reach at least 95% of its equilibrium 
adsorption value on the zeolite in less than about 10 minutes (P/Po = 0.5 25* C). 

TeifTTSS 8 °' intermediate P° re si2e 2eolit es include silicalite and members of the ZSM series such as 
ZSM-5. ZSM-11, ZSM-12, ZSM-21. ZSM-22, ZSM-23. ZSM-35. ZSM-38, SSZ-20, SSZ-23 and SSZ-32 



10 



EP0 534 142 A1 



EXAMPLE I 

An FCC light gasoline feed recovered from an operating refinery FCC unit, "FCC Unit A," and having 
the following properties was used to demonstrate the process of this invention: 



Table T 



Feed Composition, "FCC Unit A" 
Composition, wt. % 



Methane 


0, 


.0 


Ethylene 




.0 


Ethane 






Propylene 






Propane 






i-Butane 


0. 


61 


n-Butane 


0. 


53 


1-Butene 


0. 


34 


i-Butylene 


0. 


40 


t-2-Butene 


1. 


01 


c-2-Butene 


1. 


13 


3M-1 Butene 


0. 


28 


1-Pentene 


0. 


85 


2M-1 Butene 


1. 


93 


t-2 Pentene 


2. 


67 


c-2 Pentene 


1. 


33 


2M-2 Butene 


4. 


03 



Simulated Distillation, wt. % (D2887) 

wt. » (|Q 

St 15 

5% 19 

30% 134 

50% 194 

95% 3 59 

99% 428 

Yield, wt. % 

C5-180°F 42.16 
180-250°F 24.92 
250 F+ 28.91 
*C5+ 95.99 
Ratio 0.56 
(iso-C s Olef ins/total C 5 Olefins) 

*C5+ Breakdown, wt. % 

Paraffins 19-^6. 
Olefins < 29. 3 ) 
Naphthanes 9 . 2 
Aroma tics 21.9 



The feed having tha properties shnwn in Tahia | W as passed over a raf al yst pg nsisfing of 100% 
Conteka silicalite with a |400 Si0 2 /Al2 0 3 ratio] at temperatures between/750 and 850 7 ^nd at total 
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pressures between 0 to 150 psiq /14 7 to 164.7 psia). 

The results listed in. Table II show the increase in the isobutylene yield along with the enhancement of 
iso-Cs olefins to total C 5 olefins during reaction over the silicalite catalyst. \ 



Table II 



10 



15 



20 



25 



30 



35 



40 



Feed 



Run-Hours 

Temperature, °f 
WSHV 

Pressure, psig 
Yields, wt . % 

Hydrogen 

Methane 

Ethylene 

Ethane 

Propylene 

Propane 

i-Butane 

n-Butane 

1-Butene 

i-Butene 
t-2-Butene 
c-2-Butene 
Butadiene 
Yield, wt. % 
C 5 -180F 
180-250F 
250F+ 

C 5 + 

C 5 Plus Vol % 
Paraffins 
Olefins 
Naphthanes 
Aromatics 

Ratio 

(iso-C 5 Olefin 



01 
00 
45 




1, 
1. 
0, 
3 , 
1. 
1. 
0. 

40. 

8 . 
26. 
85. 

46. 
15. 
10. 
27. 
0. 
/Tota 



60. 
70 
. 58 
. 15 
83 
39 
66 
18 
00 

86 
26 
32 
43 

6 
6 

8 

71 
1 C. 



Light 
Gasoline 




0. 00 
0.00 
0. 09 
0. 00. 



0, 
0. 
0, 
2. 
1. 
1. 



64 

59 
77 
97 
50 
14 



0. 00 

45. 67 

19. 01 
25.01 
89. 69 

43 . 6 

20. 2 
9.2 

27.0 
0.70 
Olefin) 



Light Light 
Gasoline Gasoline 



38-433 
800^00. 
2*0-0*0 



0, 
0, 



00 
01 
12 

6 Z* 

65 
65 



0. 97 
3.51 
1.73 

1. 32 
0.00 

44.75 
19.16 
23.37 
87.28 

42.8 
22.8 

9.4 
25.1 

0.69 



38-601 




48.84 
17.47 
22.37 
88.68 

42.8 
23.3 

8.8 
25.2 

0. 68 



45 EXAMPLE II 



50 



To demonstrate the utility of this invention in treating a feed stream containing recycle propylene and/or 
recycle n r butenes, an FCC light gasoline feed containing propylene and an FCC light gasoline feed 
containing n-butepe wftrft re acted over the silicalite catalyst. The results listed in Table III show the results 
w, th the nflimaL nlef i ns addacLtaJthaieed stream. 
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EXAMPLE I 



50 



To demonstrate the utility of this invention in treating a feed stream containing , recycled normal 
pentenes for the production of additional iso-pentenes, an FCC light gasoline feed containing additional 1 - 
pentene was reacted over the silicalite catalyst. The results listed in Table IV show the enhanced jso- 
pentene yield with 1-pentene added to the feed stream. 
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X 



15 



20 



25 



30 



Table iy 
EFFECT OF RECYCLED ri-PENTENE 



35 



Feed 

Run-Hours 
Temperature, °F 
WHSV of Light Gasoline 
Pressure, psig 
Yields, wt. % of Light Gasoline 



Light 
Gasoline 

40-958 

850 

1*9 
140 



H 2 

Methane 

Ethylene 

Ethane 

Propylene 

Propane 

i-Butane 

n-Butane 

1-Butene 

isobutylene 

t-2 Butene 

C-2 Butene 

Butadiene 

Pentene Yields-, 

wt, % of Light Gasoline 

3M-1 Butene 
1-Pentene 
2M-1 Butene 
t2-Pentene 
C2 -Pentene 
2M-2 Pentene 



0.00 
0.08 
0. 16 
0. 10 
2.65 
0.24 
0. 64 
0. 73 
80 
56 
46 
14 
00 



0.33 
0.49 
2 . 10 
1.43 
0.80 
4.01 



40 



iso-C 5 Olef ins/total c 5 Olefins 0.70 



Light Gasoline 
+ 13.4% 1-Pentene 

40-1150 
850 
1.6 
148 



0.00 
0.09 
0. 12 
0. 13 
2 . 30 
0. 19 
0. 53 
0. 59 

0. 91 
2.47 

1. 70 
1. 19 
0.00 



1.14 
1.27 
5.47 
3.69 
2 . 04 
10.85 

0.71 



45 EXAMPLE IV 

rerr^^^^^^T^ ^ in TAME production is usuaNy required to 
product from p^K^rJl'STi! ToTo" V* *" 
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40 



45 



Table V 

FEED COMPOSITION/ "FCC. UNIT J 



w 



15 



20 



25 



Composition, wt. % 
Methane 
Ethylene 
Ethane 
Propylene 
Propane , ' 
i Iso Butane 
n-Butane , 
l-*Butene 
Iso Butene 
t 2 -Butene 
C2-Butene 
3M-1 Butene 
1-Pentene 
2M-1 Butene 
Isoprene 
T2-Pentene 
C2-Pentene 
2M-2 Butene 
lt3 Pentadiene 
lc3 Pentadiene 
Cy c 1 opent ad i ene 

Iso Pentenes/Total Pentenes 



0.0 
0.0 
0.0 
0.0 

0.13 
0.41 
0.27 

^0?22 

,1.42/ 




30 



35 



Simulated Distillation, wt. % (D2887) 



Wt. 

ST 
5 
30 
50 
95 
99 



op 

23 
94 
135 
175 
330 
397 
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Table VT 



10 



15 



20 



25 



30 



Run-Hours 
Temperature, °f 
WHSV 

Pressure psig 

Yields, wt. % 
Hydrogen 
Methane 
Ethylene 
Ethane 
Propylene 
Propane 
Iso-Butane 
n-Butane 
1-Butene 
Iso-Butene 
t-2-Butene 
c-2-Butene 

Pentadienes wt. % 
Isoprene 

1 - 1 - 3 -Pentad i ene 
1 ~c-3-Pentadiene 
Cyclopentadiene 

Isopentenes/Total Pentenes 



41-240 
750 
2.9 
0 . 



0.0 
0.0 
0. 05 
0.0 
2.42 
.02 
0. 17 
0.46 

0. 92 
3 . 05 

1. 70 
1. 25 



<0. 002 
<0. 001 
<0. 002 
<0. 001 

0.72 



35 

ZSM-l maTelTa 6 T^TT** " " 1°" ^ ^ matSrial USed in tWs P races * ™™ an acidic 
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10 



15 



20 



25 



30 



Feed 

Run-Hours At 
Temperature 

Temperature 

WHSV 

Pressure, psig 

Yields, wt. % 
Hydrogen 
Methane 
Ethylene 
Ethane 
Propylene 
Propane 
i-Butane 
n-Butane 
1-Butene 
iso Butene 
t-2 Butene 
c-2 Butene 
Butadiene 



Light 

Gasoline M B" 



44-0 
800 
2.7 



0.00 
0.00 
0.09 
0.00 

0.15 
0.51 
0.85 
2.49 
1.42 
1.10 
0.00 



Ratio 

Isopentenes/ 
Total Pentenes 0.71 



Light Light 
Gasoline '"B" -Gasoline "B" 



44-49 
800 
3.2 
0. 



0. 00 
0.00 
0.02 
0.00 

0. 15 



0, 
0, 
1, 
1 . 
0. 
0. 



44 

67 
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35 
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00 



0.69 



44-145 
850 
3.3 
0. 



0.00 
0.00 
0.03 

u-oo^ 

1.55 

0.12 
0.41 
0.76 
1.58 
1.23 
0.95 
0.00 



0.68 




Claims 

1- A process for increasing iso-butylene yield and iso-pentene/total pentene ratio from naptha comprising 
contacting an olefinic naptha stream comprising C5-C9 olefins with a crystalline silicate catalyst at a 
40 pressure of less than 300 psig and a temperature of between about 500* F to about 900° F to produce 

a iso-butylene and iso-pentene rich product stream. 

2. The process as recited in Claim 1 wherein the naptha is from an FCC. 

45 3. The process as recited in Claim 1 wherein said product stream comprises iso-butylene, iso-pentene, 
saturated butanes and propylene. ' - * 

The process as recited in Claim 3 wherein a stream comprising propylene is blended with said olefinic 
naptha stream. 

The,.process as recited in Claim 3 wherein a stream comprising n-hufylene is blended with said olefinic 
naptha stream prior to contacting said crystalline silicate catalyst. 

6. The process as recited in Claim 3 further comprising separating the product stream into at least a 
55 propylene rich stream and a butylene rich stream comprising iso-butylene and n-butylene. 

7. The process as recited in Claim 6 further comprising contacting said butylene rich stream with 
methanol in a MTBE unit to produce a MTBE product and a n-butylene rich stream. 
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o 

11 " "SS^tSriS SrorJ^"" T PriSin9 reCydin9 «^'"B* »•« a portion of said n- 
^Z£^Z::^' C naPtha ^ * 3 P ° int P^ to contacting said o.efinic naptha 

* 

5 12- ^^^V^^V°TT sin9 contactin9 a ^ cracked FCC otefinic — 

" ^ — with water in 

16 ' tnan P 0 " C 5 wt%. S * ^ * «™»*^ of dio.efins in said product stream is less 

17. The process as recited in Claim 12 wherein said propylene rich stream is from a FCC unit. 

18. The process as recited in Cairn 1 wherein the catalyst is an intermediate pore zeolite of low acidity. 
19 f^2^ aS redted in C,aim 1 wherein the cata,yst *S!i£!!^^ 

20 " llu^llZr™ 10 C ' aim 17 WhSrein 3 ^ of the propylene is substituted with FCC 
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